2 29 Abstract 30 The equine hoof inner epithelium is folded into primary and secondary epidermal lamellae which 31 increase the dermo-epidermal junction surface area of the hoof and can be affected by laminitis, 32 a common disease of equids. Two keratin proteins (K), K42 and K124, are the most abundant 33 keratins in the hoof lamellar tissue of Equus caballus. We hypothesize that these keratins are 34 lamellar tissue-specific and could serve as differentiation-and disease-specific markers. Our 35 objective was to characterize the expression of K42 and K124 in equine stratified epithelia and to 36 generate monoclonal antibodies against K42 and K124. By RT-PCR analysis, keratin gene (KRT) 37 KRT42 and KRT124 expression was present in lamellar tissue, but not cornea, haired skin, or 38 hoof coronet. In situ hybridization studies showed that KRT124 localized to the suprabasal and, 39 to a lesser extent, basal cells of the lamellae, was absent from haired skin and hoof coronet, and 40 abruptly transitions from KRT124-negative coronet to KRT124-positive proximal lamellae. A 41 monoclonal antibody generated against full-length recombinant equine K42 detected a lamellar 42 keratin of the appropriate size, but also cross-reacted with other epidermal keratins. Three 43 monoclonal antibodies generated against N-and C-terminal K124 peptides detected a band of the 44 appropriate size in lamellar tissue and did not cross-react with proteins from haired skin, corneal 45 limbus, hoof coronet, tongue, glabrous skin, oral mucosa, or chestnut on immunoblots. K124 46 localized to lamellar cells by indirect immunofluorescence. This is the first study to demonstrate 47 the localization and expression of a hoof lamellar-specific keratin, K124, and to validate anti-48 K124 monoclonal antibodies. 3 49 1. Introduction 50 The skin and its appendages are made of stratified epithelia composed of keratinocytes, 51 defined by expression of keratin intermediate filament proteins (abbreviated K for proteins and 52 KRT for genes) [1]. Keratin filaments resist stretching (strain) and provide tensile strength to 53 epithelia and skin appendages. Tissue-and differentiation-specific variation in specific keratin 54 isoform content determines the physical and mechanical properties of diverse epithelial tissues 55 and of their keratinocyte building blocks [2;3]. Understanding how keratins function to provide 56 mechanical stability is crucial to our understanding of human diseases associated with keratin 57 mutations and abnormal keratin expression [4-8]. Here we describe unique keratins of the equine 58 (Equus caballus) epidermal lamellae, a highly specialized tissue that withstands extreme force 59 and provides a model for understanding how keratins provide mechanical strength to flexible 60 tissues. 61 Each single-toed foot of a 500 kg horse (E. caballus) must withstand peak ground reaction 62 forces of 2-5,000 N while protecting the underlying limb from trauma [9;10]. The equine 63 adaptation to single-toed unguligrade locomotion requires the integration of the musculoskeletal 64 system with a cornified hoof capsule and the strong, but flexible, suspension of the distal phalanx 65 from the inner surface of the hoof capsule [11-13]. As shown in Fig 1, the inner epithelium of the 66 equine hoof capsule, which is homologous to the nail bed [14], is folded into primary and 67 secondary epidermal lamellae (PELs and SELs, respectively), thus increasing the surface area of 68 epidermal-dermal attachment and, with the dermal connective tissue to which it adheres, forming 69 the suspensory apparatus of the distal phalanx (SADP) [12]. Structural failure of the SADP 70 results in laminitis, a common and crippling disease of equids and other ungulates [15]. In spite 4 71 of the importance of the hoof lamellae for equine locomotion and disease, few aspects of hoof 72 lamellar biology, including keratin isoform composition, have been well characterized. 73 74 Fig 1: Macroscopic anatomy of the equine (E. caballus) foot and microscopic anatomy of 75 the hoof lamellae. (A) Equine foot, midsagittal section, showing locations of samples retrieved 76 for this study: HS: haired skin and the following hoof capsule regions: C: coronet (proximal 77 stratum medium layer and nail matrix homolog), P: periople (stratum externum layer and cuticle 78 homolog), HW: hoof wall (stratum medium layer and nail plate homolog), L: lamellar tissue, 79 including epidermal lamellae (stratum internum layer and nail bed homolog), dermal lamellae, 80 and dermal corium up to the surface of the distal phalanx (DP). (B) Transverse section of the 81 lamellar region (H&E stain). HW, at the top of the image, is contiguous with the approximately 82 500 cornifying primary epidermal lamellae (PELs) of each hoof capsule. Each PEL has 100-150 83 secondary epidermal lamellae (SELs; black arrowhead). The PELs and SELs interdigitate with 84 primary dermal lamellae (PDLs) and secondary dermal lamellae (SDLs) which are in turn 85 continuous with the dermal corium (D), transferring the weight of the horse from the DP to the 86 HW. Scale bars: A: 1 cm; B: 500 μm 87 88 Equine keratin isoform expression and localization has relied entirely on commercial
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166 Pulverized tissue samples were mixed with 300 µl Buffer RLT, 590 µl RNase-free water, and 10 167 µl proteinase K by gentle vortexing, and incubated at 55°C for 10 min. This mixture was then 168 homogenized by repeated (5-10x) aspiration through an 18 g hypodermic needle and syringe and 169 subjected to centrifugation at 10,000 x g for 10 min. The resulting supernatant was then removed 170 and mixed with 0.5 volume of 100% ethanol, added to the provided RNeasy Mini column in 700 171 µl increments, and subjected to centrifugation 10,000 294 As shown in Fig 2, RT-PCR was performed to determine the qualitative tissue expression of the 295 major keratin isoforms that we had previously detected as proteins in equine hoof lamellar tissue, 296 K42 and K124, in the cornea, haired skin, hoof coronet and lamellar tissues. All RT-PCR 297 products display molecular weights predicted to correspond to mRNA rather than genomic DNA 298 ( Fig 2, Table 1 ). The basal cell keratin, KRT14, was used as a positive control since it is 299 expressed in all stratified epithelial tissues [34] . KRT14 is expressed in cornea, haired skin, and 300 lamellae, KRT10A and KRT10B expression is restricted to haired skin and of the two, KRT10B is 301 more readily detected by this method. KRT42 and KRT124 mRNA is only detected in lamellar 302 tissue and was not amplified from mRNA isolated from cornea, haired skin, or hoof coronet 303 tissues. 312 Duplicate KRT10 genes present in separate loci that were individually amplified using specific 336 negative keratinocytes in the coronary epithelium to KRT124-positive keratinocytes in a 337 proximal lamella. All studies: n=3 using samples from 3 horses.
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Although KRT124 ISH staining is apparent in both basal and suprabasal cells in some 340 regions ( Fig 3A) , it was generally more intense in the suprabasal cells and lighter or absent from 341 basal cells (Fig 4) . KRT14 ISH, in contrast, is restricted to basal cells in lamellar tissue (Fig 4) , 
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Monoclonal antibodies were generated against full-length recombinant equine K42 and 355 against two different peptides from K124, as described in the Materials and Methods section, and 356 characterized by immunoblotting ( Fig 5) . As shown in Fig 5A, the anti-K42 mAb detects a single 357 band from lamellar tissue extract at the expected relative molecular mass (50 kDa), and co-358 migrates with the second most abundant type 1 keratin in lamellar tissue, K14 [18] . Three anti-
